It has been difficult for the clinician to evaluate quantitatively and qualitatively the degree of damage to the liver in the presence of congestive heart failure. This paper gives a statistical analysis of the results of various liver function tests on a group of patients with congestive heart failure. The analysis includes comparisons based on etiology, type of rhythm, duration of heart failure, and nutrition.
INTRODUCTION
O NE OF THE most common manifestations of congestive heart failure is enlargement of the liver. This fact has led several investigators21 45, 51, 75, 84 to study liver function tests in an attempt to evaluate hepatic dysfunction in congestive heart failure. Historically, the first association of liver pathology and congestive heart failure was noted by Kiernanl8 who described the "nutmeg liver." Seventyeight years later Mallory62 described the typical microscopic appearance of central congestion with focal necrosis. Other authors pointed out the fatty changes56' 5 and the compression of capillaries by edema fluid accumulated between the liver cell cords and capillaries.85 100
The three main theories of the pathogenesis of the altered liver anatomy are: infection,62 mechanical compression4' 1'0 and hypoxia with secondary nutritional deficiency.47 82, 83 The deficiency in oxygen supply to liver cells in heart failure seems to be due not only to the slowing of blood flow through the liver but even more so to arterial unsaturation resulting from pulmonary lesions. This was stressed by Rich82 and others2 ' 47, 57, 83 who pointed out that the jaundice of heart failure is especially apt to develop following pulmonary infarction. Ingelfinger's43 studies of bromsulfalein removal rates by means of hepatic vein catheterization, and the studies of blood flow to other organs in congestive heart failure' 5' 16, 67, 68, 71, 97 make it reasonable to assume that there is a decrease in blood flow to the liver in the presence of cardiac decompensation.
From the MedAical Division of the Montefiore Hospital. 286 There is other evidence for impaired liver function in congestive heart failure. Hepatic fibrosis has been found three times as great in patients with heart failure as in patients without heart failure. 13 30, 42, 46 , 96 More significantly, central fibrosis. so common in decompensated cardiac patients, did not occur at all in patients who were not in heart failure. Hyperbilirubinemia has been found in patients who were in severe chronic heart failure. 28 .Jolliffe45 and Cantarow18 noted that bromsulfalein was not cleared from the blood at a normal rate in the presence of heart failure. Blood cholesterol levels do not seem to be altered by circulatory embarrassment. '' 18 8,) In a detailed study of 16 patients Jolliffe41 found some alteration in liver function in 15. Most reports in the literature have utilized from one to five specific liver function tests. Studies have been correlated on the basis of etiology of heart disease, on the type of rhythm present or on the presence or absence of heart failure. The consensus is that there is a severe aberration in liver function in association with a failing heart.
It is the purpose of this paper to show the qualitative and quantitative alteration in liver function tests produced by congestive heart failure; to consider briefly the correlation between pathologic changes and functional alterations revealed by the liver tests used; and to discuss the effects of nutrition, per se, on the metabolic functions of the liver. per cent of patients with rheumatic fever and congestive heart failure had abnormal cephalincholesterol flocculation tests. They used 1 + as Ottenberg75 summarized what we believe to be the most rational sequence of events: (1) hypoxic depression of excretory function of the liver; (2) increased production of bilirubin in all infarcted areas; (3) actual central atrophy or necrosis of liver cells; and (4) slowing of the circulation with decreased clearance of blood bilirubin.
Bromsulfalein
This test was performed on the smallest number of patients but gave the highest percentage of abnormal determinations. Thirty patients were tested 33 times and in 55 per cent the findings were abnormal. Using 5 mg. per Kg. of body weight, injected intravenously,9' we considered a retention of over 10 per cent of dye in the blood after one-half hour as abnormal. Since all of our patients had severe heart failure, no conclusions could be drawn as to a parallelism between bromsulfalein retention and severity of heart failure; nor were any significant relationships noted between retention and the duration of failure or the cardiac rhythm ( of the heart disease must be considered in some relation to this disturbance, as emphasized in two recent reviews. 22' 33 Our own results substantiate the reports by Poindexter and Bruger79 of significant diferences of the blood cholesterol level in patients with rheumatic heart disease and those with nonrheumatic heart disease. Since rheumatic heart disease is acquired earlier and cardiac decompensation usually occurs at a much younger age than hypertensive or arterioselerotic heart disease, the question arises as to whether age is a factor in changing the per 100 cc., in which the elevation was due solely to hyperglobulinemia and of which (6 are included in the abnormal globulin series.
As indicated (table 2) , 36 per cent of the tests in the rheumatic group an(l 20 per cent in the nonrheumatic group were abnormal. This difference is statistically significant. On the other hand, there is no significant difference between groups analyzed with respect to duration of failure and the type of cardiac rhythm.
As for albumin determinations (table 2) , 26 per cent of the determinations were abnormal, i.e. below 3.5 Gm. per 100 cc. Patients with auricular fibrillation showed 32 per cent abnormal determinations, while those with regular sinus rhythm were significantly different, having only 16 per cent abnormal determinations. There was no significant difference when etiology or duration of failure was considered.
Of 149 globulin determinations ( 44 There is little doubt that they suffer from insufficient protein intake. This is the only factor of which we can be certain.
Nutrition
The method employed in this survey was to record the observation of the admitting physician as to whether the patient was well nourished or poorly nourished. We were well aware of the fallacies in such measures but were not prepared to use more objective tests for nutrition. The results of various liver tests in different states of nutrition are shown in table 3.
It is significant that 54 per cent of our patients were considered to be poorly nourished. The longer the duration of heart failure, the greater the number of malnourished patients. Rheumatic patients and those with arrhythmias were more emaciated than those with other types of heart disease and those having normal sinus rhythm, perhaps because rheumatic heart disease patients live longer with cardiac symptoms.
Certain plasma constituents seem to be directly correlated with diet. Among these substances we have measured the cholesterol and protein fractions. Our findings are consistent with those of other studies.2" 41, 64 The average serum cholesterol was 175 mg. per 100 cc. in the entire cardiac group; in those patients who were malnourished, the average was 162 mg. per 100 cc. compared to a level of 190 mg. per 100 cc. for the well nourished.
The average value for total proteins in the entire series was 6.59 Gm. per 100 cc. This is considerably higher than those of other observers. 41 There is marked individual variation in these tests and no definite conclusions can be drawn from the single case. Although there is an apparent correlation between the state of nutrition and the changes in the serum protein level, these changes are not statistically significant.
Cardiac Cirrhosis
The type of liver function impairment noted in a group of patients with proven cardiac cirrhosis is shown in 
